ABSTRACT We examined the nematode fauna associated with a species of bark beetle, Dryocoetes uniseriatus Eggers, as part of a biodiversity survey of forest beetle-associated nematodes. Collections were made in a pine stand at an experimental forest station in Ibaraki, Japan, from April to July of 2011; we examined the nematode association in 273 insects collected during this time. In total, 68% of the insects were associated with at least one species of nematode. Six species of nematodes, including two phoretic microbe feeders (Bursaphelenchus rainulfi Braasch & Burgermeister and Micoletzkya sp.), one insect parasite and nematode predator (Devibursaphelenchus cf. eproctatus), one insect parasite (Contortylenchus sp.), one insect parasite and potential microbe feeder (unidentiÞed rhabditid parasite), and one potential insect parasite and fungal feeder (B. sinensis) were recovered from the beetles. D. cf. eproctatus was enclosed in nematangia on the backsides of the elytra, B. rainulfi was isolated from the backsides of the elytra or enclosed in nematangia, Micoletzkya sp. was isolated from under the elytra, Contortylenchus sp. and a rhabditid parasite parasitized the body cavity, and B. sinensis was found in the digestive tract of the insect. The association patterns of the nematode species varied seasonally, although deÞnitive interactions among species (e.g., segregation, competition) were not observed.
The nematode fauna associated with wood-boring coleopteran insects (Curculionidae, Scolytidae, Platypodidae, and Cerambycidae) have been studied intensively in European and North American forests (Rü hm 1956 , Massey 1974 , Poinar 1975 , Braasch 2001 because these nematodes potentially have practical importance as forest pathogens and biological control agents. For example, some parasitic nematodes (Parasitylenchus spp., Neoparasitylenchus spp., and Sulfuretylenchus spp.) have a strong virulence to their host bark beetles, and often kill or sterilize the insects, although they have not yet been used as biological control agents (reviewed by Kaya 1984 , Siddiqi 2000 . In addition to bark beetle associates, an insect parasite, Contortylenchus genitalicola Kosaka & Ogura, which sterilizes Monochamus alternatus Hope (Cerambycidae), the vector of pine wilt disease, has been considered a potential biological control agent of the disease (Kosaka and Ogura 1993) . Laboratory studies to determine the application of entomopathogenic nematodes (Steinernema spp.) to the ambrosia beetle Platypus quercivorus (Maruyama) (Platypodidae), the vector of Japanese oak wilt disease, have begun in Japan (Tanabe et al. 2012) . However, in East Asian countries, including Japan, the nematode fauna thus far has not been systematically surveyed (reviewed by Kanzaki 2008, Kanzaki and Kosaka 2009 ) although several taxonomic and ecological descriptions exist. Field surveys of wood-boring beetle-associated nematodes recently have been undertaken to Þll this knowledge gap (summarized by Kanzaki and Kosaka 2009) . As participants in these surveys, we examined nematodes associated with wood-boring beetles emerging from pine logs in Japanese forests. During the current study, although several species of woodboring beetles belonging to various families were surveyed, the nematodes were isolated only from one species of bark beetle, Dryocoetes uniseriatus Eggers (Scolytidae).
The genus Dryocoetes comprises Ϸ60 species that are widely distributed in Europe, Asia, North America, and Central America (Bright 1963) . Among these, 14 have been reported from Japan (Goto 2009 ). D. uniseriatus is a relatively diminutive species for this genus; the yellowish-brown cylindrical body is Ϸ2 mm long. The species mainly feeds on the Japanese red pine, Pinus densiflora Sieb. et Zucc. (Nobuchi 1966) . The insect preferentially occurs in aged, damp deadwood.
It also sometimes feeds on Japanese black pine, Pinus thunbergii Parl. (H. M., personal observations).
In the current study, we constructed a preliminary species inventory of nematodes associated with the bark beetle D. uniseriatus in Japan. We remark on the life history and insect interactions of these nematodes.
Materials and Methods
Emerged Adult Insects. The adult beetles were collected in traps on logs of Japanese red pine and dead Japanese black pines killed by pine wilt disease; the causal agent of this disease was the pinewood nematode Bursaphelenchus xylophilus (Steiner & Buhrer) . All logs and dead pines were obtained from Ϸ20-yr-old pine plantations at Chiyoda Experimental Forest Station, which belongs to the Forestry and Forest Products Research Institute (FFPRI), Kasumigaura, Ibaraki, Japan (36.1109Њ N, 140.1256Њ E, 43-m altitude) .
Three Japanese red pine trees (Ϸ15 yr old, root top diameter Ϸ8 cm) were cut into 16 logs each 80 cm long. The logs were deployed on the forest ßoor in September of 2010. Half were enclosed in wire mesh cylinders (25 cm in diameter, 1 m in length, mesh size 5.0 mm) to prevent oviposition by relatively large insects. For example, M. alternatus larvae feed on inner bark, and their feeding behavior may negatively affect other insects sharing the habitat, as reported for American conspeciÞcs (Coulson et al. 1980 , Miller 1985 , Allison et al. 2001 , Dodds et al. 2001 . The logs were brought back to the laboratory in April of 2011. The dead Japanese black pines were examined visually for bark condition in the Þeld, and when bark beetle infection had been conÞrmed, they were cut into 80-cm logs and taken to the laboratory in April of 2011.
The logs were enclosed in acrylic tubes or mesh bags depending on dampness and kept in an experimental mesh cage set out at an experimental Þeld at FFPRI, Tsukuba, Japan. Emerged insects were collected weekly, morphologically identiÞed, and dissected to examine nematode associations.
Nematode Isolation. All coleopteran insects that had emerged from the logs were identiÞed visually under a stereomicroscope and dissected in a drop of 0.9% sodium chloride solution (physiological saline). During the dissection survey, we noted for each individual insect its species identity, date of emergence, and morphotype of associated nematodes, including their location within or on the host. Nematodes isolated during the dissection survey were viewed under a light microscope for morphotyping, then transferred individually to nematode digestion buffer (Tanaka et al. 2012 ) for molecular identiÞcation, or to appropriate medium (i.e., Botrytis cinerea lawn on 2.0% malt extract agar for mycophagous species or nematode growth media (NGM) agar for bacteriophagous species) or killed by heat and Þxed in TAF (trietanolamine: 2 ml, formalin: 7 ml, distilled water: 91 ml) for detailed morphological observation and identiÞcation. The successful cultures were used for molecular proÞling and morphological identiÞcation.
Morphological Observation. The live material of successfully cultured species in 1-to 2-wk-old cultures, or TAF-Þxed materials of uncultured species, were observed by light microscopy equipped with a differential interference contrast unit (Eclipse 80i; Nikon, Tokyo, Japan); light micrographs were obtained using a digital camera system (Ri1; Nikon) connected to the microscope. The TAF-Þxed materials then were processed into permanent slides by using SeinhorstÕs ethanol-glycerol series method (detailed methodologies explained by Hooper 1986 ) and stored at the Forest Pathology Laboratory collection at FF-PRI, Tsukuba, as morphological voucher materials.
Molecular Identification of Nematodes. The molecular proÞles of the nematodes were obtained by using the methods of Kanzaki et al. (2010) and Tanaka et al. (2012) . Nematodes were digested individually in enzyme solution to prepare the polymerase chain reaction (PCR) template DNA. Then we ampliÞed and sequenced their near-full-length ribosomal 18S RNA (SSU) and D2/D3 expansion segment of 28S RNA (D2/D3 LSU). The sequences determined were compared with the sequences deposited in the GenBank database by using BLAST homology searches to identify them to genus and species level or determine their phylogenetic status.
Data Analysis. We analyzed interactions among nematode species, i.e., positive or negative associations, as indicators of segregation, competition, or both, using 2 tests. First, we calculated the probability that two arbitrarily chosen nematode species were isolated from the same beetle based on the association ratio of each species (expected value), and compared it to the actual ratio of coexistence of these two nematode species. Then, we determined if the relationship between these two nematode species was random (no signiÞcant difference between expected and actual values), sympatric (actual value higher than expected value), or allopatric (actual value lower than expected value). The 2 and P values for each combination of nematode species were calculated with the software package JMP (SAS Institute Inc., Cary, NC). Remarks on Nematode Species. The morphological characteristics of some of the nematode species and genera isolated in the current study are shown in Fig.  1 . The general morphological traits of each species were in agreement with the genus and species deÞ-nition, molecular sequences, or both, stored in the GenBank database.
Results

Emerged
Bursaphelenchus rainulfi (Fig. 1AÐC ) is an insect phoretic mycophagous species. The species was isolated from the backsides of elytra and from inside nematangia, a sheath or blister-like structure formed by some ectoparasitic nematode species on the underside of elytra ( Fig. 2 ; detailed structure and nematode interactions are given in Cardoza et al. 2006 , Kanzaki et al. 2008b ). The species was identiÞed by its general morphology, in particular male spicule morphology, vulval structure, and female tail morphology (Braasch & Burgermeister 2002) . Our molecular sequence proÞles of the Japanese population of B. rainulfi were almost identical to those of other populations deposited in the GenBank database (SSU had 99% identity with AM397017, and D2/D3 LSU had 98Ð99% identity with AM396575, EU295496, EU295498, and DQ257624).
Devibursaphelenchus cf. eproctatus ( Fig. 1D and E) is considered an ectoparasite of insects and a nematode predator (Gu et al. 2010) . Adult females and rather large juveniles that we assumed were fourthstage females were isolated from the nematangia. The nematode was identiÞed morphologically as Devibursaphelenchus sp. or Ektaphelenchus sp. because adult females had diagnostic features, i.e., two of the lateral sectors were smaller than the other four, and the animals lacked a clear rectum or anus. The nematode was identiÞed as D. cf. eproctatus based on molecular proÞles: SSU and D2/D3 LSU had identities of 99 and 100% with GenBank D. cf. eproctatus accession no. JN122012 and JN122009, respectively. Based on mo- (Yin et al. 1988 , Sriwati et al. 2008 . The dauer or parasitic juvenile, which is the typical dispersal form of aphelenchoids, of B. sinensis was isolated from the digestive tract of the insect. However, we were unable to prepare a comprehensive morphological description of the nematode because the condition of Þxed material was inadequate. The culturing attempt was unsuccessful but identiÞcation was made based on molecular proÞles of SSU (99% homologous to AB232162) and D2/D3 LSU (identical to EU752257 and AB368538). Members of the genus Bursaphelenchus are generally insect phoretic mycophagous nematodes (Hunt 1993 , Kanzaki 2008 . However, judging from the association pattern we saw (i.e., specimens isolated from the digestive system of the beetle), the nematode may be able to parasitize the insect. This nematode is known to have "parasitic generation," with an Ektaphelenchinae-like stylet form, which was reported by Braasch and BraaschBidasak (2002) as the part of the life cycle of B. "aberrans" before the taxonomic description of B. sinensis (Fang et al. 2002 , Palmisano et al. 2004 ). This species is generally considered an insect-phoretic fungal feeder although its carrier (host) insect is presently unspeciÞed. This nematode may have ecologically and physiologically derived character states and detailed morphological and ecological observations are required to resolve this issue.
Parasitic juveniles with pointed anterior and posterior ends and a typical rhabditid pharynx were isolated from the body cavity (hemocoel) of the insects (Fig. 1F) . Here, this nematode species is referred to as the "unidentiÞed rhabditid parasite" (RP). Because culture attempts and PCR ampliÞcation of SSU were unsuccessful, the nematode was identiÞed only to family or infraorder level by the molecular sequence of D2/D3 LSU, which was close to that of Parasitorhabditis obtusus (Fuchs) We observed parasitic females, parasitic juveniles, and eggs of an obligate parasite (Fig. 1GÐI ) in the body cavities of the insects. The species was identiÞed as Contortylenchus sp. based on the body shape of parasitic females, which is arcuate dorsally, forming a "C" shape. The molecular proÞle of the nematode was close to those of other entomoparasitic tylenchids, i.e., SSU was close to Deladenus siricidicola Bedding (FJ004889: 93%, EU545475: 93%, FJ004890: 93%), Howardula sp. (AF519233: 93%), and Fergusobia sp. (AY589292: 93%), whereas the D2/D3 LSU sequence was close to unidentiÞed "Tylenchida spp." (FJ661086: 89%, FJ661085: 89%, FJ661082: 89%, and FJ661079: 89%).
Micoletzkya sp. (Fig. 1J) were isolated from the underside surfaces of the pronotum and mesonotum (under the elytra) as dauer juveniles. The nematode was cultured successfully on NGM; i.e., it was bacteriophagous, and identiÞed by the morphological characters of cultured materials, which were in close accordance with the generic characters suggested by Sudhaus and Fü rst von Lieven (2003 (Table S1 ). The association ratio throughout the experimental period was highest in an unidentiÞed rhabditid insect parasite (RP) (34.4% of specimens), followed by Micoletzkya sp. (28.6%), Contortylenchus sp. (9.9%), and D. cf. eproctatus (8.5%). Two Bursaphelenchus spp. were rather rare (Figs. 3 and 4) .
The isolation pattern of each nematode species differed among the seasons. D. cf. eproctatus and Contortylenchus sp. were isolated frequently in the early season (AprilÐMay) and frequency decreased in the late season (JuneÐJuly). In contrast, RP and Micoletzkya sp. were frequently isolated and dominated in the late season. The isolation frequencies of two Bursaphelenchus spp. were consistently low throughout the collection period. The isolation pattern of D. cf. eproctatus was the reverse of that for Micoletzkya sp., but similar to that of B. rainulfi. The pattern for RP was similar to that for Micoletzkya sp., but the reverse of that for Contortylenchus sp. (Fig. 3) .
In many cases, multiple nematode species were detected on or in a single beetle. The average number of nematode species per insect was 0.92 Ϯ 0.75 (0 Ð3) (average Ϯ SD [range]), and the most frequent combination was ϽRP and Micoletzkya sp. Ͼ (10.6%), followed by ϽRP and Contortylenchus sp. Ͼ (3.7%). In some cases, B. rainulfi was recovered from the nematangia together with D. cf. eproctatus (1.5%). D. cf. eproctatus and B. rainulfi were associated positively (P ϭ 0.015, 2 test). B. sinensis and RP were negatively associated, and so were D. cf. eproctatus and RP (P ϭ 0.0395 and 0.0027, respectively; 2 test). No signiÞcant associations were detected in the other combinations (Table 1 ).
In addition to these nematodes, phoretic mites were observed frequently under the elytra of the insect after June (detailed quantitative data not available).
Discussion
Biological interactions that involve bark beetles are among the most complicated and divergent in forest ecosystems (Paine et al. 1997 , Klepzig et al. 2001 , Kajimura 2009 ). For example, the beetles have phoretic, parasitic, predatory, and mutual interactions with nematodes (Kanzaki and Kosaka 2009 , the current study) and mites (Okabe 2009) , and have mutual and antagonistic relationships with fungi (Masuya and Yamaoka 2009) .
Microscopic invertebrates and microbes also are associated with each other. For example, nematodes are predated upon and compete with mites, and are parasitized by and feed on fungi. A miteÐnematode interaction was suspected in the current study, i.e., the In the current study, we mostly focused on D. uniseriatusÐnematode interactions and the nematode community surrounding this particular bark beetle species. The nematode association of D. uniseriatus and the genus Dryocoetes and the interactions among nematode species are discussed below, and the nematodes potentially associated with the other examined insects are also considered.
Nematodes Associated With Dryocoetes and Other Bark Beetle Species. We isolated two phoretic species (B. rainulfi and Micoletzkya sp.), three parasitic species (D. cf. eproctatus, RP, and Contortylenchus sp.), and one potential parasite (B. sinensis) from D. uniseriatus, and the frequency pattern of occurrence (detected by isolation) differed among species. Among these nematodes, the genus Contortylenchus had not been isolated previously from Dryocoetes (Table 2) . Within these nematode species, Contortylenchus sp. is considered to have weak virulence, i.e., this species (genus) only takes nutrients and does not kill or sterilize the insects (Siddiqi 2000) . The relationship between the beetle and D. cf. eproctatus is similar to phoresy, because only late-stage juveniles and adults were found in nematangia. The pathogenicity and virulence of the other parasites were not measured in the current study, but the virulence seemed to be weak, and did not seem to affect the insect behavior or mobility. More physiological and behavioral observations may clarify the impact of these nematodes on the insect, e.g., close examination of the development of insect reproductive organs. In addition to direct parasitism, potential competition between the bark beetle and its phoretic associate nematode has been suggested. Kanzaki et al. (2007 Kanzaki et al. ( , 2008a suggested that fungal feeding nematodes associated with bark and ambrosia beetles fed on their carrier beetlesÕ mutualistic (main feeding resource) fungi and successfully propagated, i.e., B. clavicauda isolated from Cryphalus sp. fed on Fusarium fungi, and Neodiplogaster crenatae Kanzaki, Masuya & Kubono propagated on the ambrosia fungus of Scolytoplatypus spp. (Scolytidae). Similar competition may have occurred between D. uniseriatus and B. rainulfi, because the nematode species successfully propagated on several different species of fungi. The other phoretic species, Micoletzkya sp. was successfully cultured on an NGM (bacteria) agar plate, and no insect parasitism/pathogenicity has been reported from the genus so far. Therefore, the association between the insect and the nematode species is considered to be simple phoresy.
Bark beetle associations of nematodes have been systematically surveyed and well documented because of their importance in forest production and forest pest control (e.g., Rü hm 1956, Massey 1974 , Poinar 1975 ). The genus Dryocoetes has also been studied for its nematode associations, and many parasitic species have been reported from the genus. (Table 2) .
Although strongly virulent parasite (e.g., Neoparasitylenchus pessoni Rü hm & Chararas from D. hectographus Reitter) were not detected in the current study, the nematode species (genera) associated with D. uniseriatus are similar to those of North American and European Dryocoetes species and other bark beetle species. For example, some mycophagous (Bursaphelenchus) and bacteriophagous (Micoletzkya) phoretic associates were common in the current study, Kaya 1984) . These highly virulent nematodes often kill or inactivate their host beetles insides the tree before the beetle can emerge. Only emerged adult beetles were examined in the current study, however, more nematode species, including potential biological control agents, may be obtained from surveys of the nematodes associated with the larvae and pupae of the insect. Although a more systematic survey of scolytidassociated nematode fauna is necessary before drawing conclusions, we suggest that the Dryocoetes-associated nematode fauna, and the insect-nematode relationships at the generic level, are general occurrence through the Northern Hemisphere. Nematodes Obtained From "Nematangia". Two species of nematode, D. cf. eproctatus and B. rainulfi, were isolated from "nematangia" (Cardoza et al. 2006 , Kanzaki et al. 2008b .
To date, nematangia formed by E. prolobus have been reported on Dendroctonus rufipennis (Kirby) and Massey (Massey 1974) , and those formed by D. teratospicularis Kakuliya & Devdariani have been found on Orthotomicus erosus (Wollaston) (Braasch 2009 , Peñ as et al. 2008 . N. Kanzaki and R. GiblinDavis (unpubl. obs.) conÞrmed that nematangia formed on the hind wing root by E. obtusus contained four nematode species, B. rufipennis, Mycoletzkya sp., and Panaglolaimus sp. The number of species associated with the nematangia of D. uniseriatus is smaller than those of previously studied species.
The structure of the nematangium (i.e., cuticular sheath-like tissue that encloses nematodes) suggests that it may function as a shelter for nematodes against dehydration. The dauer (dispersal) juveniles of bark beetle-associated Bursaphelenchus species (e.g. B. yongensis Gu, Braasch, Burgermeister, Brandstetter & Zhang and B. clavicauda Kanzaki, Maehara & Masuya) are usually directly attached to the backsides of the elytra as a "block of nematodes"; in these species, most of the dauers are dehydrated and die immediately after beetle emergence. Only a few individuals in the core part of the "block" survive. The dehydrated surface nematodes become a sheath for the other individuals beneath them (N. K., unpublished data; also see Kanzaki et al. 2007 Kanzaki et al. , 2010 .
We do not have clear explanations for the formation of nematangia, i.e., it is unknown whether the nematodes (excluding D. cf. eproctatus) are incidentally enveloped or enter the structure actively, or even whether nematodes use nematangia for survival. The nematangia are formed by nematodes belonging to the Ektaphelenchinae; Ektaphelenchus and Devibursaphelenchus have been shown to form this tissue (Rü hm 1964 , Massey 1974 , Cardoza et al. 2006 , Peñ as et al. 2008 , Kanzaki et al. 2008b , and the sheath-like structure is thought to contribute beneÞcially to these ektaphelenchids by providing shelter and perhaps nutritional tissue. Cardoza et al. (2008) suggested that the nematangium works as a mycangium for fungalfeeding nematodes. The ecological and physiological functions of nematangia should be experimentally ex- Fuchs (1930) amined. Nematangial formation may explain the positive association of D. cf. eproctatus and B. rainulfi. Survivorship of B. rainulfi dauers likely increases when they are enveloped in the nematangia. Massey (1974) reported that the sex ratio of Ektaphelenchus nematodes that recovered from nematangia is strongly skewed toward females. We observed a similar phenomenon in D. cf. eproctatus whose sex ratio in the nematangia was strongly skewed toward females (only adult and juvenile females were obtained). Detailed surveys of the life histories of Devibursaphelenchus and Ektaphelenchus are required to clarify the mechanism underlying this phenomenon.
Direct Association Among Nematode Species. We suspected the presence of an interaction (e.g., habitat segregation, competition) among nematode species because six ecologically diverse nematode species shared the same carrier and habitat (the beetle tunnel). However, apart from three cases of segregation (exclusion interaction) and one case of sympatric collection from the beetle, no signiÞcant evidence for interactions among species was found (Table 1) . These nematode taxa seem to use the insect body independently depending on their preference among insect organs (space). The isolation patterns of nematodes probably reßect seasonal changes in these nematode populations.
Bursaphelenchus rainulfi (mycophagous and phoretic) and D. cf. eproctatus (a predator and insect parasite that does not appear to cause serious damage; Cardoza et al. 2008 , Gu et al. 2010 were isolated sympatrically (Table 1) , partially because of the nematangia, i.e., the nematodes probably were protected by the structure, and were isolated effectively by the investigators compared with the other phoretic species. The other possible explanation related to the habitat preference of these two species. They do not compete for feeding resources, although occasional predation occurs, and they belong to the same family, Aphelenchoididae (i.e., phylogenetically close). Thus, these two species are structurally (tolerance to dehydration and temperature) similar to each other, and may both prefer the environmental conditions of the beetle tunnel. Kanzaki and Futai (2002) reported sympatric isolation and habitat segregation between B. conicaudatus Kanzaki, Tsuda & Futai and Diplogasteroides psacotheae (Kanzaki, Minagawa & Futai) associated with Psacothea hilaris Pascoe and moraceous trees. During nematode isolation from wood and insect materials, the numbers of two nematode species were correlated positively to each other. However, B. conicaudatus feeds on fungi and is associated with beetle tracheal systems, and D. psacotheae feeds on bacteria and is associated with beetle genital systems. Thus, these two species can cohabit the same piece of wood by segregating the feeding resource, and are spatially segregated within the beetle hosts. Oldham (1930) reported two internal parasites, Parasitylenchus sp. and Parasitaphelenchus sp. from a single insect, although without clear evidence of species interaction.
Although Oldham (1930) did not discuss sympatric isolation in detail, the isolation pattern found in the current study appears to be an intermediary between these two examples, i.e., two nematode species prefer similar environmental conditions (habitat), and are segregated in terms of their feeding resource (B. conicaudatus versus D. psacotheae), but enter the same part of the insect (Parasitylenchus sp. versus Parasitaphelenchus sp.).
Three exclusive interactions, namely, D. cf. eproctatus versus RP (possibly a microbe feeder and insect parasite that does not appear to cause serious damage), D. cf. eproctatus versus Contortylenchus sp. (weakly virulent parasite), and B. sinensis (mycophagous and possibly an insect parasite that does not appear to cause serious damage) versus RP, are probably because of seasonal population dynamics, although the seasonal pattern of B. sinensis is unclear (the isolation frequency of the species was low throughout the experimental period).
D. cf. eproctatus was isolated frequently during the early season (before June); its isolation frequency decreased into the late season. Competition for the feeding resource of this species probably does not occur, and the decline after June may be attributable to seasonal changes in the physicochemical environment or in populations of other microbes and microscopic animals sharing the dead tree habitat. For example, predation by mites present on the backsides of elytra may have reduced the number of D. cf. eproctatus and B. rainulfi (Kinn 1984) .
The isolation of RP and Micoletzkya sp. (bacterial feeder, also facultative predator and phoretic; Fü rst von Lieven and Sudhaus 2000, Sudhaus and Fü rst von Lieven 2003) dramatically increased in the late season. The two species did not compete for feeding resource or space in the insect organs; RP internally parasitized the insect and Micoletzkya sp. was ectophoretic. The rate of population growth of these two species was probably independently affected by seasonally changing conditions. The isolation frequency of Contortylenchus sp. (parasitic species; Kaya 1984) varied between 0 and 35%, but decreased in the late season. Contortylenchus sp. is an internal parasite that potentially competes for nutrients with the other two internal parasites, RP and B. sinensis.
Potential determinants of direct interactions among nematode species are food resources and species environmental preferences (humidity and temperature). These factors also affect the distribution of microbes that are feeding resources for nematodes. Detailed surveys of the distribution and population dynamics of nematodes in host beetle galleries may improve our understanding of direct interactions.
Other Insects. In the current study, Þve species of coleopteran insect emerged from the logs: D. uniseriatus, M. alternatus, C. fulvus, Shirahoshizo sp., and P. nitidus. However, the nematodes were collected only from D. uniseriatus, although some of these beetles are known to have associated nematodes, e.g., B. xylophilus from M. alternatus and B. yongensis from C. fulvus (Kanzaki 2008 , Kanzaki et al. 2010 . We cannot explain the absence of nematodes from these insects, especially, the pine wood nematode. A possible explanation related to the population density of the insects and their associated nematodes.
The pine wood nematode kills the tree in early summer, and establishes a huge population in the dead tree to fully occupy the habitat (Mamiya 1983) . Sriwati et al. (2006) reported that the dominance of the pine wood nematode B. xylophilus in dead pine trees reduces population densities and species divergences of other nematode species. Hence, competition and exclusion occur between B. xylophilus and other nematodes that share the same habitat (deadwood).
In the current study, we used cut logs (living trees) and diseased logs for insect collection, but only eight individuals of M. alternatus were obtained. The numbers of the other insects were also small, and nematode infection does not appear to have occurred sufÞciently to establish the population in the logs. It is likely that, the materials (logs) used in the current study were the most suitable for D. uniseriatus and its associates.
Not all insects (and probably their associated nematodes) showed a preference for dead logs used in the current study. The surveys of insects and their associates using deadwood under various conditions will increase our understanding of the insect-microbeÐ microscopic animal interactions and the effects of insect-mediated forest disease on forest biodiversity.
